ABSTRACT: Toluene abuse during pregnancy results in newborns with fetal solvent syndrome. N-Methyl-D-aspartate (NMDA) receptor has been identified as a target site for toluene. Since the normal function of NMDA receptor is critical for synaptogenesis, the long-term effects of toluene exposure during synaptogenesis on the neurobehavioral function and the expression of NMDA receptor subunits (NR1, NR2A, and NR2B) were examined. Rats exposed to l g/kg of toluene (i.p.) over postnatal days 4 to 9 were found to exhibit reduction in body weight, NMDA-induced seizure thresholds, and MK-801-induced hyperlocomotor activity. Furthermore, immunoblotting and immunohistochemical analysis revealed a significant increase in NR2A subunit expression in the hippocampus and cerebellum of toluene-exposed rats on PN30. These results suggest that the region-specific changes in the expression of NMDA receptor subunits may play a role in the neurobehavioral dysfunction following toluene exposure during synaptogenesis.
INTRODUCTION
Toluene is a neurotoxic organic solvent present in paints, inks, glues, and thinners. Glue sniffing is associated with especially high toluene exposure rates. Many abusers are adolescent and young adult women. The abuse of toluene by pregnant women can lead to central nervous system dysfunctions in their offspring.
Experimental evidence indicates that glutamate receptors of the N-methyl-Daspartate (NMDA) subtype are among the ligand-gated ion channels affected by toluene exposure. 1 The NMDA receptor is a heteromeric ligand-gated ion channel composed of multiple receptor subunits (NR1, NR2A-2D, and NR3A-3B), each exhibiting different temporal and regional patterns of expression. Pharmacological and electrophysiological differences between NMDA receptors appear to be determined by the subunit composition of the heteromeric receptor complex. The type and number of NR2 subunits influence ligand affinities as well as allosteric modulation by polyamines, Mg 2+ , Zn 2+ , and noncompetitive channel blockers. 2 4 and cell survival. 5 Temporary loss or interference with the functions of neurons with NMDA receptors following toluene exposure during the synaptogenesis period is likely to disturb normal development of the central nervous system, resulting in persistent changes in neurobehavioral functions. Because the normal function of the NMDA receptor is critical for synaptogenesis, we examined the long-term effects of toluene exposure during synaptogenesis on the neurobehavioral function and the expression of NMDA receptor subunits (NR1, NR2A, and NR2B).
AN ANIMAL MODEL OF TOLUENE EXPOSURE DURING SYNAPOTOGENESIS
The period of synaptogenesis, also known as brain growth spurt, represents the developmental period during which many components of the developing brain are known to be particularly vulnerable to neurotoxicants. Because the brain growth spurt occurs largely during the third trimester of human fetal development, but occurs during the early postnatal period in the rat, 6 we exposed rats to toluene (1 g/kg) during early neonatal period, specifically, postnatal days 4 to 9.
The dose (1 g/kg) used in this study was the same as that used in our preliminary study. We found that administering this dose of toluene (500-1,200 mg/kg, i.p.) to adult female rats produced increased locomotor activity and stereotypic behaviors resembling the behavioral signs observed in toluene abusers. Similar results have also been reported in male rats by Riegel and French. 7 In addition, the placenta penetration efficiency for toluene exceeded 90%. 8 Therefore, the rats were exposed to 1 g/kg toluene by intraperitoneal injection during postnatal days 4 to 9 to simulate toluene exposure in the fetus of pregnant toluene abusers.
Blood toluene concentrations were determined from blood samples taken from toluene-exposed pups 1 and 3 h after the last injection, and the values were 67.4 ± 6.8 and 13.6 ± 5.8 µg/mL, respectively. Because the placenta penetration efficiency for toluene exceeded 90%, 8 and because these levels were in the range obtained from toluene abusers (0.1-74.7 µg/mL), 9 it appeared that this treatment protocol was appropriate and capable of mimicking the toluene exposure during synapotogenesis for the fetus of pregnant toluene abusers.
LONG-TERM EFFECTS INDUCED BY TOLUENE EXPOSURE DURING SYNAPTOGENESIS
Exposure of 1 g/kg of toluene over postnatal days 4 to 9 did not delay the developmental landmarks, which included negative geotaxis, eyelid opening, and mid-air righting, but resulted in reduction in NMDA-induced seizure thresholds 10 and MK-801 (0.5 mg/kg)-enhanced locomotor activity (FIG. 1) in juvenile rats. Results from immunoblot analysis revealed that the levels of NR2A were elevated in the hippocampus and cerebellum. Quantitative immunohistochemistry in selected subregions of the cerebellum and hippocampus indicated that NR2A subunit expression was elevated in the molecular and Purkinje cell layer in the cerebellum; in the stratum oriens, stratum radiatum, and stratum lancunosum-moleculare of the CA1 region; in the stratum oriens of the CA2 region; and in the molecular layer of dentate gyrus in the hippocampus.
SUMMARY AND CONCLUSION
Toluene exposure during synaptogenesis results in alterations in the NMDA receptor-related neurobehavioral functions and region-specific changes of NMDA receptor subunits. The enhancement of NR2A subunit expression in the cerebellum and hippocampus may indicate the susceptibility of these two brain areas to toluene exposure during synaptogenesis. The behavioral and biochemical changes associat-FIGURE 1. Effects of toluene exposure during synaptogenesis on MK-801-enhanced locomotor activity in male and female rats on postnatal days 44 to 50. Each point represents a mean ± SEM of experimentally recorded values. Values were recorded at 10-min intervals. Data were analyzed by two-way repeated-measures analysis of variance followed by the Bonferroni test. *P < .05; ** P < .01; ***P < .001 (as compared to the respective control values, N = 7).
